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(57) ABSTRACT

A method for making an interposer is provided. A conduc-
tive layer is formed by contacting a replicate such that a
shape of a surface of the conductive layer conforms to a
shape of the contacted portion of the replicate. The conduc-
tive layer is formed to have a base and a plurality of
conductive posts projecting away from the base. Each con-
ductive post is formed to have a post end opposite the base.
A dielectric layer is formed to cover the base and to separate
adjacent ones of the posts from each other. The posts are for
forming vias. Conductive material is removed from the
conductive layer to insulate at least one post from at least
one other post.

20 Claims, 5 Drawing Sheets

65~
150\
~-34
38— '\39
L-60

82~




U.S. Patent Sep. 27, 2016 Sheet 1 of 5 US 9,455,162 B2

5A\‘

14/&

15

-
»

N5
/
<
a

FIG. 1

ZQ_ 27

18 23

FIG. 2



U.S. Patent Sep. 27, 2016 Sheet 2 of 5 US 9,455,162 B2

28 /
N , (-
23] zesse ' o1
5" \/10
FIG. 3
,,2/21




U.S. Patent Sep. 27, 2016 Sheet 3 of 5 US 9,455,162 B2

55~

L -45
S o
40~

FIG. 5

21 FIG. 6



US 9,455,162 B2

Sheet 4 of 5

Sep. 27, 2016

U.S. Patent

DL O O

[
34 72

FIG.7

FIG. 8



U.S. Patent Sep. 27, 2016 Sheet 5 of 5 US 9,455,162 B2

100\‘
86 87
\ \
MY Q) Q) QD

- AT
82— Q\@ AVEANEAVEN gk

L

FIG. 9
200
\‘ 86 87
\. \
72
Y @ AN
65- %

150\
38 \\ \\ S/ 39

X360

A A A Ay A

82~

FIG. 10



US 9,455,162 B2

1
LOW COST INTERPOSER AND METHOD
OF FABRICATION

BACKGROUND OF THE INVENTION

The present invention relates to packaging of microelec-
tronic devices, especially the packaging of semiconductor
devices.

Microelectronic devices generally comprise a thin slab of
a semiconductor material, such as silicon or gallium
arsenide, commonly called a die or a semiconductor chip.
Semiconductor chips are commonly provided as individual,
prepackaged units. In some unit designs, the semiconductor
chip is mounted to a substrate or chip carrier, which is in turn
mounted on a circuit panel, such as a printed circuit board.

The active circuitry is fabricated in a first face of the
semiconductor chip (e.g., a front surface). To facilitate
electrical connection to the active circuitry, the chip is
provided with bond pads on the same face. The bond pads
are typically placed in a regular array either around the edges
of the die or, for many memory devices, in the die center.
The bond pads are generally made of a conductive metal,
such as copper, or aluminum, around 0.5 micron (um) thick.
The bond pads could include a single layer or multiple layers
of' metal. The size of the bond pads will vary with the device
type but will typically measure tens to hundreds of microns
on a side.

An interposer can be used to provide electrical connec-
tions between microelectronic elements such as one or more
unpackaged or packaged semiconductor chips with one
another, or between one or more unpackaged or packaged
semiconductor chips and other components such as an
integrated passives on chip (“IPOC”) having passive circuit
elements thereon, discrete passive devices, e.g., capacitors,
resistors, or inductors or a combination of the same, without
limitation. An interposer can couple such chip or plurality of
chips with other structure such as a circuit panel.

Size is a significant consideration in any physical arrange-
ment of chips. The demand for more compact physical
arrangements of chips has become even more intense with
the rapid progress of portable electronic devices. Merely by
way of example, devices commonly referred to as “smart
phones” integrate the functions of a cellular telephone with
powerful data processors, memory and ancillary devices
such as global positioning system receivers, electronic cam-
eras, and local area network connections along with high-
resolution displays and associated image processing chips.
Such devices can provide capabilities such as full internet
connectivity, entertainment including full-resolution video,
navigation, electronic banking and more, all in a pocket-size
device. Complex portable devices require packing numerous
chips into a small space. Moreover, some of the chips have
many input and output connections, commonly referred to as
“I/O’s.” These 1/0’s must be interconnected with the I/O’s
of other chips. The interconnections should be short and
should have low impedance to minimize signal propagation
delays. The components which form the interconnections
should not greatly increase the size of the assembly. Similar
needs arise in other applications as, for example, in data
servers such as those used in internet search engines. For
example, structures which provide numerous short, low-
impedance interconnects between complex chips can
increase the bandwidth of the search engine and reduce its
power consumption.

Despite the advances that have been made in interposer
structure and fabrication, further improvements can be made
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to enhance the processes for making interposers and the
structures which can result from such processes.

SUMMARY OF THE INVENTION

In accordance with an aspect of the invention, a method
for making an interposer is provided. In accordance with
such an aspect, a conductive layer may be formed by
contacting a replicate such that a shape of a surface of the
conductive layer conforms to a shape of the contacted
portion of the replicate. The conductive layer may have a
base and may have a plurality of conductive posts projecting
away from the base. Each of the conductive posts may have
a post end opposite the base. A dielectric layer may be
formed. The dielectric layer may cover the base. The dielec-
tric layer may separate adjacent ones of the posts from each
other. A portion of the conductive layer may be removed to
insulate at least one post from at least one other post. A
remaining portion of the conductive layer may form at least
one via. In some arrangements, the posts may form vias.

In some aspects, a seed coating may be plated onto the
replicate during the formation of the conductive layer. The
plating of the seed coating may be performed by an elec-
troless plating process.

In some aspects, one or both of a barrier layer and an
electroless adhesion layer may be formed onto the replicate
prior to the formation of the conductive layer.

In some aspects, a seed coating may be formed onto the
replicate during the formation of the conductive layer. In
some such aspects, a conductive material may formed on the
seed coating. In some such aspects, the conductive material
may be formed on the seed coating by an electrolytic plating
process.

In some such aspects, the electrolytic plating may be
performed at a rate in the range between 2 um/min and 10
pm/min.

In some aspects, the dielectric layer may be one of a
permanent resist coating, a mold, lamination, and a confor-
mal coating.

In some aspects, the dielectric layer may be a conformal
coating. In some such aspects, a heat conducting layer may
be formed on the conformal coating. In some aspects, the
heat conducting layer may be a mold matrix.

In some aspects, the post ends may be exposed for
electrical connection therewith.

In some aspects, at least some of the portion of the
dielectric layer covering the conductive layer may be pla-
narized to form a flat surface of the dielectric layer. In some
aspects the dielectric layer may be planarized to expose the
post ends for electrical connection therewith. In some
aspects, the dielectric layer may be planarized to remove
unwanted materials.

In some aspects, the planarization of the dielectric layer
may be performed by milling.

In some aspects, the diclectric layer may be formed to
cover at least some of the plurality of conductive posts of the
conductive layer. In some such aspects, portions of the
dielectric layer may be thinned to remove unwanted mate-
rials. In some aspects, the dielectric layer may be thinned to
expose the post ends of the at least some conductive posts.

In some aspects, a portion of the conductive posts may be
removed to expose a void within the conductive posts. In
some such aspects, the void may be filled to provide rigidity
to the conductive post.

In some aspects, a conductive coating may be formed over
at least a portion of the dielectric layer. In some such aspects,
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the conductive coating may be at least electrically intercon-
nected to the post ends of at least some of the plurality of
conductive posts.

In some aspects, the post ends of the one or more of the
plurality of conductive posts may be at a top surface of the
dielectric layer. In some such aspects, the conductive coating
may be physically connected to the post ends.

In some aspects, the conductive coating may be etched to
form etched sections of the conductive coating. In some such
aspects, at least some of the etched sections of the conduc-
tive coating may not be electrically connected through the
conductive coating and may not be electrically connected at
all. In some aspects, at least one first joining element may be
formed on the conductive coating. In some such aspects, the
one or more first joining elements and the conductive
coating may be electrically connected.

In some aspects, a redistribution structure may be formed
on at least a portion of the dielectric layer. In some such
aspects, the redistribution structure may have a predeter-
mined pattern of traces and may have a redistribution
dielectric structure at a top surface of the redistribution
structure for interconnection with the conductive layer. In
some such aspects, a conductive element optionally may
pass through a void in the redistribution structure. In some
such aspects, the conductive element may pass through the
top surface of the redistribution structure.

In some aspects, a first conductive coating may be formed
over at least a portion of the conductive posts of the
conductive layer. In some such aspects, a second conductive
coating may be formed onto the base of the conductive layer.
In some such aspects, the first and second conductive
coatings may be electrically coupled through the conductive
layer.

In some such aspects, the first and second conductive
coatings may be etched to form respective etched sections of
the first and second conductive coatings. In some such
aspects, at least some of the etched sections of the first
conductive coating may not be electrically connected
through the first conductive coating. In some such aspects,
at least some of the etched sections of the second conductive
coating may not be electrically connected through the sec-
ond conductive coating. In some aspects, at least one first
joining element may be formed on a corresponding one of
the one or more etched sections of the first conductive
coating that are not electrically connected to the rest of the
first conductive coating. In some such aspects, such first
joining elements may be being electrically connected with
the first conductive coating. In some aspects, at least one
second joining element may be formed on a corresponding
one of the one or more etched sections of the second
conductive coating not electrically connected to the rest of
the second conductive coating. In some such aspects, such
second joining elements may be being electrically connected
with the second conductive coating. In some such aspects,
one or more of the first joining elements may be connected
to one or more of the second joining elements.

In some such aspects, at least a first microelectronic
element may be attached to at least some of the first joining
elements. In some such aspects, at least a second microelec-
tronic element may be attached to at least some of the second
joining elements. In some such aspects, at least the first
microelectronic element and at least the second microelec-
tronic element may be electrically connected through the
conductive layer.

In some aspects, a plurality of the second joining elements
may be formed and the one or more first joining elements
may be electrically connected to less than all of the plurality
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of second joining elements. In some aspects, a plurality of
the first joining elements may be formed and the one or
second joining elements may be electrically connected to
less than all of the plurality of first joining elements.

In some aspects, the base of the conductive layer may be
severed during the step of removing a portion of the con-
ductive layer. In some such aspects, the base may be severed
to form insulated base ends of the conductive layer. In some
aspects, the post ends of the conductive posts may be
opposite the base ends. In some aspects, the base of the
conductive layer may be severed by etching or other such
patterning processes.

In some such aspects, first joining elements may be
formed on the post ends of the conductive layer. In some
such aspects, the first joining elements and the conductive
layer may be electrically connected. In some such aspects,
second joining elements may be formed on the base ends of
the conductive layer. In some such aspects, the second
joining elements and the conductive layer may be electri-
cally connected. In some such aspects, at least a first
microelectronic element may be attached to at least some of
the first joining elements. In some such aspects at least a
second microelectronic element may be attached to at least
some of the second joining elements. In some such aspects,
at least the one of the one or more first microelectronic
elements and at least one of the one or more second
microelectronic elements may be electrically connected
through the conductive layer.

In some aspects, a first microelectronic element may be
electrically coupled to a second microelectronic element
through at least one insulated conductive post.

In some aspects, a support layer may be attached to the
replicate. In some such aspects, the support layer may
provide support to the replicate during at least one process-
ing step.

In some such aspects, the support layer and replicate may
be removed to expose the base of the conductive layer. In
some such aspects, a first conductive coating may be formed
over at least a portion of the conductive posts of the
dielectric layer. In some such aspects, a second conductive
coating may be formed onto the base of the conductive layer.
In some such aspects, the first and second conductive
coatings may be electrically connected through the conduc-
tive layer.

In some aspects, a second conductive layer may be
formed by contacting the replicate such that a shape of a
surface of the second conductive layer conforms to a shape
of the contacted portion of the replicate. The second con-
ductive layer may have a second base and may have a
plurality of second conductive posts projecting away from
the second base. Each of the second conductive posts may
have a second post end opposite the second base. The second
conductive layer may contact the replicate on a side of the
replicate opposite the conductive layer. In some such
aspects, the support layer may be removed from the repli-
cate. In some such aspects, a first conductive coating may be
formed over at least a portion of the conductive posts of the
conductive layer. In some such aspects, a second conductive
coating may be formed onto the base of the conductive layer.
In some such aspects, the first and second conductive
coatings may be electrically connected through the conduc-
tive layer.

In some aspects, first and second redistribution structures
may be formed at oppositely-facing surfaces of the dielectric
layer. In some such aspects, the first and second redistribu-
tion structures may have respective predetermined patterns
of traces and redistribution dielectric layers at respective top
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and bottom sides of the redistribution structures. In some
such aspects, the traces of the first and second redistribution
layers may be electrically coupled to the conductive layer.

In some such aspects, the diclectric layer may be a
conformal coating. In some such aspects, a heat conducting
mold matrix may be formed on the conformal coating. In
some such aspects, the heat conducting mold matrix may
completely fill a space defined by the dielectric layer and the
first and second redistribution layers.

In some aspects, first joining elements may be formed on
the first redistribution structure. In some such aspects, the
first joining elements and the conductive layer may be
electrically connected. In some aspects, second joining
elements may be formed on the second redistribution struc-
ture. In some such aspects, the second joining elements and
the conductive layer may be electrically connected. In some
such aspects, at least a first microelectronic element may be
attached to at least some of the first joining elements. In
some such aspects, at least a second microelectronic element
may be attached to at least some of the second joining
elements. In some such aspects, at least some of the one or
more first microelectronic elements and at least some of the
one or more second microelectronic elements may be elec-
trically connected through the conductive layer.

In some aspects, at least one first joining element may be
formed on the post ends of at least a respective one of the
conductive posts. In some such aspects, the one or more first
joining elements and respective ones of the conductive posts
may be electrically connected.

In some aspects, one or both of at least one of the first and
second joining elements may be a solder ball.

In some aspects, a first surface of at least a first micro-
electronic element may be attached to one or more of the
first joining elements. In some such aspects, the first micro-
electronic element may be electrically connected to such
first joining elements.

In some aspects, the any of the one or more first micro-
electronic elements may be a semiconductor chip.

In some aspects, a second surface of the one or more first
microelectronic elements may be attached to a support
element. In some such aspects, the base of the conductive
layer may be severed during the removal of the conductive
material. In some such aspects, the base may be severed to
form insulated base ends of the conductive layer. In some
such aspects, the post ends of the conductive posts may be
opposite the base ends.

In some aspects, a seed coating may be formed prior to
forming the conductive layer. In some such aspects, a mold
dielectric layer may be formed onto the seed coating prior to
forming the conductive layer. In some such aspects, the
mold dielectric layer may include a plurality of holes
through such layer. In some such aspects, a plurality of
extensions within respective ones of the plurality of holes of
the dielectric layer may be formed prior to forming the
conductive layer. In some aspects, the mold dielectric layer
may be removed from the seed coating to form a mold prior
to forming the conductive layer. In some such aspects, the
mold may include the extensions. In some such aspects, the
replicate may be formed on the extensions of the mold prior
to forming the conductive layer.

In some such aspects, the replicate may be removed from
the mold. In some such aspects, the second surface of one or
more of the first microelectronic elements may remain
attached to the support element after the step of removing
the replicate from the mold.

In some aspects, the second joining elements may be
formed on at least some of the base ends. In some such
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aspects, at least a second microelectronic element may be
attached to at least one of the second joining elements.

In some aspects, the conductive posts may be formed in
sets of pairs such that there is a shorter distance between
posts within a set of pairs than a distance between each of
the posts within a set of pairs and any other posts adjacent
to the posts within a set of pairs. In some other arrange-
ments, other configurations of the conductive posts may also
be formed.

In some aspects, a seed coating may be formed onto a
substrate prior to the formation of the conductive layer. In
some such aspects, a mold dielectric layer may be formed
onto the seed coating. In some such aspects, the mold
dielectric layer may include a plurality of holes within such
a layer. In some such aspects, a plurality of extensions may
be formed within respective ones of the plurality of holes of
the mold dielectric layer prior to the step of forming the
conductive layer. In some such aspects, the mold dielectric
layer may be removed from the seed coating to form a mold
prior to the step of forming the conductive layer. In some
such aspects, the mold may include extensions. In some such
aspects, the replicate may be formed on the extensions of the
mold prior to the step of forming the conductive layer.

In some such aspects, the extensions may be conductive.
In some such aspects, the conductive extensions may be at
least electrically connected to the seed coating during for-
mation of the conductive extensions.

In some aspects, the extensions may be filled to a level
below an end of the mold dielectric layer opposite the seed
coating.

In some aspects, any of the extensions may be polished to
form a tapered side surface on the extensions. In some such
aspects, the side surface of such extensions may extend from
the seed coating. In some such aspects, the extensions may
be polished by electropolishing. In some such aspects, after
being polished, the side surfaces of the extensions may have
a taper less than 5 degrees from vertical within planes
extending radially from longitudinal axes through each of
the respective extensions.

In some aspects, the replicate may conform to the mold
such that the replicate has replicate extensions extending
from a replicate base of the replicate.

In some aspects, the replicate may be removed from the
mold.

In some aspects, a coating may be applied to the exten-
sions for reducing the required force to perform the step of
removing the replicate from the mold. In some such aspects,
the coating may be a mold release agent.

In some aspects, the replicate may be formed by confor-
mal coating. In some aspects, the replicate may be formed by
sheet blow forming.

In accordance with an embodiment of the invention, a
method for making an interposer is provided. In accordance
with such an aspect, a replicate may be provided. A con-
ductive layer may be formed by contacting a replicate such
that a shape of a surface of the conductive layer conforms to
a shape of the contacted portion of the replicate. The
conductive layer may be formed to have a plurality of
conductive posts. Each of the conductive posts may be
formed to have top and bottom ends and side surfaces
between the top and bottom ends. A dielectric layer may
separate adjacent ones of the conductive posts from each
other. The conductive posts may be used to form vias
insulated from one another.

In some such aspects, a seed coating may be formed onto
a substrate in providing the replicate. In some such aspects,
a mold dielectric layer may be formed onto the seed coating
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in providing the replicate. In some such aspects, the mold
dielectric layer may be formed to have a plurality of holes
through such layer in providing the replicate. In some such
aspects, a plurality of conductive extensions may be formed
within respective ones of the plurality of holes of the first
dielectric layer in providing the replicate. In some such
aspects, the conductive extensions may be at least electri-
cally connected to the seed coating in providing the repli-
cate. In some such aspects, the mold dielectric layer may be
removed from the seed coating to form a master in providing
the replicate. In some such aspects, the master may include
the conductive extensions in providing the replicate. In some
such aspects the replicate may be formed on the conductive
extensions of the master in providing the replicate.

In some such aspects, the replicate may be removed from
the master.

In some aspects, the portion of the dielectric layer sepa-
rating adjacent ones of the posts from one another may be
planarized to form a flat surface of the dielectric layer. In
some such aspects, a first layer of conductive coating may be
formed over at least such portion of the dielectric layer.

In some aspects, the portion of the dielectric layer sepa-
rating adjacent ones of the posts from another may be
planarized to form a flat surface of the dielectric layer. In
some such aspects, a redistribution structure may be formed
on at least a portion of the dielectric layer. In some such
aspects, the redistribution layer may be formed to have a
predetermined pattern of traces within a redistribution
dielectric structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional elevation view illustrating a
step of a fabrication process of a mold in accordance with an
embodiment.

FIG. 2 is a cross-sectional elevation view illustrating an
additional step of the fabrication process of the mold being
fabricated in FIG. 1.

FIG. 3 is a cross-sectional elevation view illustrating a
step of a fabrication process of an interposer using the mold
being fabricated in FIG. 1 in accordance with an embodi-
ment.

FIG. 4 is a cross-sectional elevation view illustrating a
step of a fabrication process of an interposer in accordance
with an embodiment.

FIG. 5 is a cross-sectional elevation view illustrating an
additional step of a fabrication process of an interposer
being fabricated in FIG. 4 in accordance with an embodi-
ment.

FIG. 6 is a cross-sectional elevation view illustrating a
step of a fabrication process of an interposer in accordance
with an embodiment.

FIG. 7 is a cross-sectional elevation view illustrating an
interposer fabricated in accordance with an embodiment.

FIG. 8 is a cross-sectional elevation view illustrating a
step of a fabrication process of a microelectronic assembly
fabricated by the step of a fabrication process of an inter-
poser being fabricated in FIG. 4 in accordance with an
embodiment.

FIG. 9 is a cross-sectional elevation view illustrating an
additional step of the fabrication process of the microelec-
tronic assembly being fabricated in FIG. 9.

FIG. 10 is a cross-sectional elevation view of illustrating
a step of a fabrication process of a microelectronic assembly
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fabricated by the step of a fabrication process of an inter-
poser being fabricated in FIG. 4 in accordance with an
embodiment.

DETAILED DESCRIPTION

Components described herein such as interposers, sub-
strates, circuit panels, microelectronic elements, and the like
may have dielectric structure, in some arrangements, at
external surfaces thereof. Accordingly, as used in this dis-
closure, a statement that an electrically conductive element
is “at” a surface of dielectric structure of a component,
indicates that, when the component is not assembled with
any other element, the electrically conductive element is
available for contact with a theoretical point moving in a
direction perpendicular to the surface of the component
toward the surface of the component from outside the
component. Thus, a terminal or other conductive element
which is at a surface of a component may project from such
surface; may be flush with such surface; or may be recessed
relative to such surface in a hole or depression in the
component.

Turning now to the figures, where similar numeric refer-
ences are used to indicate similar features, there is shown in
FIG. 1 a mold 5 in accordance with an embodiment. As in
this example, the mold 5 may be formed by applying a seed
coating 12 along a surface of a substrate 10. In some
arrangements, the substrate 10 may be a silicon wafer, a
glass sheet, a glass ceramic sheet, or other known dielectric
materials, and the like. A mold dielectric layer 14, which
may be a photo resist layer, may be placed onto a surface of
the seed coating 12 at various positions in a desired pattern
to define blind holes 15 within the mold dielectric layer 14.
In some arrangements, the mold dielectric layer 14 may be
patterned by etching, ablation, or other known processes. In
the example shown, the seed coating 12 may be conductive
such that the blind holes 15 may be filled with a conductive
mold plating 16, such as by an electrolytic plating process
known to those of ordinary skill in the art. The mold plating
16 may be made but is not limited to being made of nickel
and nickel alloys, such as nickel tungsten and alloys thereof.

Referring to FIGS. 1 and 2, the mold dielectric layer 14
may then be removed and the mold plating 16 may be
cleaned, leaving mold extensions 18 and exposed regions of
the mold seed coating 12. When an electrolytic plating
process is used, the mold seed coating 12 may form a strong
bond with the mold extensions 18 such that the mold 5 may
be used as a master mold to form a plurality of replicates
which in turn may be used for forming vias of an interposer,
as described further herein. In some arrangements, the mold
dielectric layer 14 may be given a slight taper so as to form
the mold extensions 18 with a cone-like shape, or other
desired shapes. Such shapes generally may be convex rela-
tive to the mold dielectric layer 14 to allow for easier
removal of the mold dielectric layer 14 from the mold
coating 12. In some arrangements, the mold extensions 18 of
the mold 5 may be electro-polished which may be used to
clean or further clean the mold extensions 18 and which may
be used to shape or further shape the mold extensions 18,
such as to provide a smooth taper, as shown in FIG. 2. The
extensions 18 preferably may have a taper less than 5
degrees, and more preferably in the range between 1 and 2
degrees, from vertical within planes extending radially from
longitudinal axes through each of the respective extensions.

As further shown in FIG. 2, in accordance with another
embodiment, a replicate 21 may be formed over the mold
extensions 18 and the exposed regions of the mold seed
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coating 12. As shown, the replicate 21 may include a
replicate base 23 that may conform to the exposed regions
of the mold seed coating 12. The replicate 21 may also
include replicate extensions 27 that may conform to the
mold extensions 18. The replicate 21 may be a conformal
coating of mold or sheet blow forming which may be made
of materials such as but not limited to polyimide, parylene,
glass, silicon glass polymer, mold compounds, B-stage
materials, and the like.

Referring now to the arrangements in the examples of
FIGS. 3 and 4, a replicate seed coating 28 may be applied
over the replicate 21, such that it may conform to the shape
of'and may fully cover the replicate 21. In conforming to the
shape of the replicate 21, the replicate seed coating 28 may
include a seed coating base 29 and a seed coating post 30
extending therefrom. The replicate seed coating 28, which
may be made but is not limited to being made of copper,
copper alloys, nickel, nickel alloys, gold, gold alloys, alu-
minum, aluminum alloys, and the like, may be formed by
electroless plating or other known methods of applying a
conductive material to a dielectric material, e.g., by sput-
tering. The replicate seed coating 28 preferably may have a
thickness in the range between 100 and 2000 angstroms, and
more preferably in the range between 100 and 500 ang-
stroms.

A conductive layer 31 may then be applied to the replicate
seed coating 28, such that it may conform to the shape of and
may coat, and preferably fully coat, the replicate seed
coating 28. In conforming to the shape of the replicate seed
coating 28, the conductive layer 31 may include a conduc-
tive base 33 and a conductive post 37 extending therefrom.
The conductive layer 31, which may be made but is not
limited to being made of copper, nickel, gold, aluminum,
alloys of any of copper, nickel, gold, and aluminum, or a
combination of any of these materials may be formed by
electrolytic plating of multiple layers of conductive material
to form the conductive layer 31. In particular, the electrolytic
plating may be performed at a rate preferably in the range
between 0.5 pm/min and 20 um/min, and more preferably in
the range between 1 pum/min and 10 um/min. The plating
process may be repeated until the conductive layer 31
preferably may have a thickness in the range between 2 pm
and 800 pum, and more preferably may have a thickness in
the range between 5 pm and 100 pm. In some arrangements,
when a combination of materials are used for the conductive
layer as described above, one material may be used for the
first layer or set of layers to act as a barrier layer and then
another material or other materials may be used for addi-
tional layers.

In some arrangements, prior to applying the replicate seed
coating 28, a surface activation (not shown), acting as one or
both of a barrier and an adhesion layer, may be applied to the
replicate 21 such that it may conform to the shape of and
may fully coat the replicate 21. In this manner, the combi-
nation of the replicate seed coating 28 and the conductive
layer 31 may be removed from the replicate 21. The surface
activation layer may be a thin layer and may be made but is
not limited to being made of nickel alloys, such as nickel
tungsten, nickel phosphorous, or nickel boron; cobalt alloys
such as cobalt phosphorous, tungsten phosphorous; or any
combination of these materials. The surface activation layer
may be applied by an electroless plating process. Such a
layer preferably may have a thickness in a range between 50
and 1000 angstroms.

In an alternative arrangement as illustrated in FIG. 4, the
replicate 21 may be removed from the mold 5. In some such
arrangements, a mold release agent (not shown) may be
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applied to the mold extensions 18 of the mold 5 prior to the
formation of the replicate 21 to allow for cleaner and easier
separation of the replicate 21 from the mold 5. In some other
such arrangements, the materials may be incorporated into
the mold 5 to aid in releasing the mold from the replicate.
Such mold release materials may be but are not limited to
being nickel, polytetrafluoroethylene (PTFE), and combina-
tions of these materials. After removal from the mold 5, the
replicate 21 may then be attached, such as by a photode-
gradable adhesive, to a support layer 40, which may be made
of transparent materials such as glass. The conductive layer
31 may then be applied to the replicate 21, as described with
respect to FIG. 3. In some alternative arrangements, a
second replicate seed coating may be applied to one or more
voids 32 defined by the undersides of corresponding ones of
the replicate extensions 27. The seed coating may conform
to the shape of the voids 32, identified in FIG. 4. In such
arrangements, a second conductive layer may be deposited
onto the second replicate seed coating. The second conduc-
tive layer may conform to the shape of the voids 32 and the
second replicate seed coating. Either of the first and the
second conductive layers may be formed first. In an example
of forming the second conductive layer, the replicate may be
placed onto and may be attached to a second support layer,
or in some arrangements the support layer 40, with the
replicate extensions placed against such a support layer. In
such an example, the replicate may remain a part of the final
assembly, such as an interposer or microelectronic assembly.

Referring now to FIGS. 5 and 6, in an embodiment, a
dielectric layer may be applied to the conductive layer 31 in
forming in-process structures, which may be used for form-
ing an interposet, as discussed further herein. As shown in
these respective examples, the conductive layer 31 may have
been applied to a replicate 21 which may be attached to a
support layer 40. As shown, the respective dielectric layers
45, 47 may be applied such that it may conform to the shape
of'and may fully coat the conductive layer 31. The dielectric
layers 45, 47 may be made of but is not limited to being
made of a resist coating, a mold material, lamination, or the
like. In particular, the example of FIG. 5 shows the dielectric
layer as a permanent resist coating interposed between the
conductive posts 37 and covering the conductive base 33 of
the conductive layer 31. The example of FIG. 6 shows the
dielectric layer 47 as a mold matrix which may have a
coeflicient of thermal expansion similar to a metal of the
conductive layer 31 to reduce the potential for separation of
the dielectric layer 47 from the conductive layer 31.

In some arrangements, an adhesion layer may be placed
over the conductive layer 31 prior to depositing the dielec-
tric layer 45, 47 onto the conductive layer 31 to aid in
bonding of the dielectric layer 45, 47 to the conductive layer
31. Such an adhesion layer may be made but is not limited
to being made of silicon nitride, or a nickel alloy, such as but
not limited to nickel tungsten, in which such metals may be
deposited through electrolytic or electroless plating pro-
cesses.

As further shown in FIGS. 5 and 6, at least a portion of
the dielectric layer 45, 47 may be planarized to form a flat
surface of the dielectric layer 45, 47 opposite a surface of the
dielectric layer 45, 47 contacting the conductive base 33 of
the conductive layer 31. Planarizing of the dielectric layer
45, 47 may be performed by but is not limited to milling
which may be through the use of an end mill, chemical
mechanical planarization (CMP), resist etching-back (REB),
laser ablation, and the like. As shown in each of FIGS. 5 and
6, the dielectric layer 45, 47 preferably may be planarized to
a depth at which the post ends 38 of the conductive layer 31
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are first exposed. In some alternative arrangements, the
dielectric layer 45, 47 may be planarized to a depth such that
a hole is formed through at least one of the post ends 38 of
a corresponding conductive post 37. In such arrangements,
any such holes through the one or more post ends 38 and
corresponding voids defined by undersides of any of the
conductive posts 37 having such holes may be filled with a
metallic or polymeric material to provide one or both of
rigidity and stiffness to the filled conductive posts.

As illustrated in FIG. 5, in some arrangements, a conduc-
tive coating 55 may be applied at at least some of the
exposed post ends 38 of the conductive layer 31 such that the
conductive coating 55 may be physically connected to the
conductive layer 31. The conductive coating 55 may be
made of conductive materials such as but not limited to
copper, copper alloys, nickel, nickel alloys, and combina-
tions of either of copper or copper alloys with titanium
tungsten alloys. In this manner, the conductive coating 55
may be electrically connected to the conductive layer 31. As
further shown in FIG. 5, the conductive coating 55 may
include a series of segments that are connected to respective
post ends 38 of the conductive layer 31. The segments of the
conductive coating 55 may extend a distance away from the
post ends 38, which may act as contacts, in a direction
parallel to the planarized surface of the dielectric layer 45
such that the conductive coating 55 acts to provide traces to
allow for connections remote from the post ends 38. Such a
configuration is described in copending U.S. patent appli-
cation Ser. No. 13/795,756 (“the *756 Application™), the
entire disclosure of which is hereby incorporated by refer-
ence herein. Joining elements 71, which may be solder balls,
may be applied to the segments of the conductive coating 55
to provide connections to components such as interposers,
substrates, circuit panels, microelectronic elements, and the
like, as described further herein, and as described more fully
in the *756 Application.

In some arrangements, the conductive coating 55 may be
applied at least at a portion of the planarized surface of the
dielectric layer 45. In some such arrangements, the conduc-
tive coating 55 may be applied as a layer over both of the
exposed post ends 38 of the conductive layer 31 and the
dielectric layer 45. In some arrangements, portions of the
conductive coating 55, in particular selected portions
between the post ends 38 as shown, may then be removed,
such as by but not limited to etching, to electrically isolate
the selected post ends 38 of adjacent conductive posts 37
from each other. In some arrangements, unwanted dielectric
material 45 also may be removed during the removal of
portions of the conductive coating 55.

As shown in FIG. 6, in an embodiment, a first redistri-
bution structure 60 may be formed at the surface defined by
the planarized dielectric layer 47 and the exposed post ends
38 of the conductive layer 31. The redistribution structure 60
may be in a configuration similar to that described in the
*756 Application. In this manner, the redistribution structure
60 may include one or more redistribution dielectric layers
and traces therein (not shown) extending in a direction
parallel to the planarized dielectric layer 47 in which the
traces may be internally electrically connected by vias
extending through the one or more redistribution dielectric
layers. As shown, the first redistribution layer 60 may
electrically interconnect at least some of the exposed post
ends 38 to the joining elements 71 to provide the connec-
tions described above with respect to the conductive coating
55 and as described further herein and more fully in the *756
Application.
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Referring now to FIG. 7, in accordance with an embodi-
ment, an interposer 50 may include each of the features of
the example shown in FIG. 6 with certain exceptions as well
as additional process steps applied thereto as noted further
herein. In particular, in the example of FIG. 7, a dielectric
coating 48, which may be a conformal coating, may be
applied to a conductive layer, such as the conductive layer
31 shown in FIGS. 5 and 6. The dielectric coating 48 may
be made but is not limited to being made of silicon carbide,
silicon nitride, polyimide. The dielectric coating 48 prefer-
ably may have a thickness in the range between 0.1 and 2
pm, and more preferably in the range 0.2 pm and 1 pm.
Although not shown, the dielectric coating 48 preferably
may be applied while the conductive layer is covering a
prefabricated structure such as but not limited to a replicate,
such as the replicate 21, which may be attached to a support
layer, such as the support layer 40, (See FIG. 4), a mold,
such as the mold 5, and the like. In some arrangements, the
dielectric coating 48 may be applied such that it may
conform to the shape of and may fully coat the underlying
conductive layer. In alternative arrangements, the dielectric
coating 48 may only be applied onto the conductive posts 47
such that the conductive posts 37 are exposed following
deposition of the dielectric coating 48. In this manner, as
further shown in FIG. 7, a conducting matrix 49 may be
applied onto the dielectric coating 48. The conducting
matrix 49 may be made of a polyimide mold matrix. In some
arrangements, the conducting matrix 49 may contain heat
conductive particles or particulates of flakes. In some such
arrangements, the particles or flakes, may be made but are
not limited to being made of carbon or other polymer having
good heat conducting or dispersing properties, aluminum, or
other metallic particles or flakes having good heat conduct-
ing or dispersing properties. The conducting matrix 49
preferably may have a thickness in the range between 10 and
500 um, and more preferably in the range between 10 and
200 pm. Through the use of the dielectric coating 48, such
a structure provides good heat conductivity while preventing
electrically conductivity between the conducting matrix 49
and a conductive layer.

In some arrangements in which a conformal coating is
applied, the combination of the separated conductive layer
and the conformal coating 48 may be removed from the
prefabricated structure. In some such arrangements, the
conductive layer 31 then may be severed between the
conductive posts 37, such as but not limited by etching
through the conductive base, such as the conductive base 33
(See FIG. 5 for example) in a patterning step to form
conductive base ends 34 and to isolate the conductive posts
37, forming vias 39 as shown in FIG. 7 and as best shown
in FIG. 9 discussed further herein. In this manner, an
interposer 50 in accordance with an embodiment may be
provided, in which the interposer has oppositely-facing
major surfaces. In some such arrangements, the first redis-
tribution structure 60 may overlie one of the major surfaces,
and a second redistribution structure 65 may overlie the
other of the major surfaces, as further described more fully
in the *756 Application. As further shown in FIG. 7, the
joining elements 71 may be deposited onto the first redis-
tribution layer 60 at predetermined positions for intercon-
nection with other components, such the components
described previously herein. Furthermore, joining elements
72, which may be solder balls, may be deposited onto the
second redistribution layer 65 at predetermined positions for
interconnection with still other components, as described in
further examples herein and more fully in the *756 Appli-
cation. Accordingly, through the interposer 50, components
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interconnected to the first redistribution layer 60 may be
electrically interconnected to the components intercon-
nected to the second redistribution layer 65.

As shown in FIG. 8, in forming an interposer in accor-
dance with an embodiment, a microelement 82 may be
physically and electrically connected to a plurality of joining
elements 71. As shown in this example, the joining elements
71 may be joined to at least some of the exposed post ends
38 formed through the process described previously herein
in relation to FIGS. 3 and 4. Although FIG. 8 shows the
microelectronic element 82 being connected to the joining
elements 71 while the conductive layer 31 overlies the
replicate 21 in which the replicate 21 overlies the mold 5,
such a connection may be made while the conductive layer
31 overlies any rigid support, such as a the replicate 21
overlying the support layer 40, as described in the example
of FIG. 4.

FIG. 9 illustrates further processing of the structure
shown in FIG. 8. To form this configuration, the conductive
layer 31 may be removed from the replicate 21. The assem-
bly of the conductive layer 31, the joining elements 71, and
the microelectronic element 82 may be flipped and the
microelectronic element 82 may be attached to a support
element 140 to provide rigidity during further processing.
The conductive base 33 of a conductive layer may then be
patterned, such as by but not limited to etching, to form the
vias 39 and an interposer 150. Joining elements 72 may then
be deposited onto at least some of the base ends 34 to which
second and third microelectronic elements 86, 87 may be
attached and electrically interconnected to form a micro-
electronic assembly 100. In this manner, the first microelec-
tronic element 82 may be electrically interconnected to both
of the second and third microelectronic elements.

In an alternative arrangement, as shown in FIG. 10, in
some arrangements, prior to depositing the joining elements
71 at the exposed post ends 38, the redistribution layer 60
may be formed to overlie a major surface of the interposer
150 and the exposed post ends 38. As further shown, in some
arrangements, prior to depositing the joining elements 72 at
the base ends 34, the redistribution layer 65 may be formed
to overlie a major surface of the interposer 150 and the base
ends 34. The microelectronic elements 82, 86, and 87 may
then be attached to the respective joining elements 71, 72 as
described with respect to FIG. 9 above. In this manner, the
first microelectronic element 82 may be electrically inter-
connected to both of the second and third microelectronic
elements in which contacts of each of the microelectronic
elements may be laterally offset from the contacts of the
interposer located at the post ends 38 and the base ends 34,
as further described more fully in the 756 Application.

It is to be understood that the disclosure set forth herein
includes all possible combinations of the particular features
set forth above, whether specifically disclosed herein or not.
For example, where a particular feature is disclosed in the
context of a particular aspect, arrangement, configuration, or
embodiment, or a particular claim, that feature can also be
used, to the extent possible, in combination with and/or in
the context of other particular aspects, arrangements, con-
figurations, and embodiments of the invention, and in the
invention generally.

Furthermore, although the invention herein has been
described with reference to particular features, it is to be
understood that these features are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications,
including changes in the sizes of the various features
described herein, may be made to the illustrative embodi-
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ments and that other arrangements may be devised without
departing from the spirit and scope of the present invention.
In this regard, the present invention encompasses numerous
additional features in addition to those specific features set
forth in the claims below. Moreover, the foregoing disclo-
sure should be taken by way of illustration rather than by
way of limitation as the present invention is defined by the
claims set forth below.

The invention claimed is:

1. A method for making an interposer comprising:

forming a conductive layer contacting a replicate such

that a shape of a surface of the conductive layer
conforms to a shape of the contacted portion of the
replicate, the conductive layer having a base and a
plurality of conductive posts projecting away from the
base, each conductive post having a post end opposite
the base;

attaching a support layer to the replicate to provide

support to the replicate during at least one processing
step;
forming a dielectric layer covering the base and separat-
ing adjacent ones of the posts from each other; and

removing a portion of the conductive layer to insulate at
least one post from at least one other post, a remaining
portion of the conductive layer forming at least one via;

forming a second conductive layer contacting the repli-
cate such that a shape of a surface of the second
conductive layer conforms to a shape of the contacted
portion of the replicate, the second conductive layer
having a second base and a plurality of second con-
ductive posts projecting away from the second base,
each second conductive post having a second post end
opposite the second base, the second conductive layer
contacting the replicate on a side of the replicate
opposite the conductive layer;

removing the replicate from the support layer;

forming a first conductive coating over at least a portion

of the conductive posts of the conductive layer; and
forming a second conductive coating onto the base of the
conductive layer,

wherein the first and second conductive coatings are

electrically connected through the conductive layer.

2. The method of claim 1, wherein forming the conductive
layer includes electroless plating of a seed coating onto the
replicate.

3. The method of claim 1, further comprising forming one
or both of a barrier layer and an electroless adhesion layer
onto the replicate prior to forming the conductive layer.

4. The method of claim 1, wherein forming the conductive
layer comprises:

forming a seed coating onto the replicate; and

electrolytic plating of a conductive material onto the seed

coating.

5. The method of claim 1, wherein the dielectric layer is
one of a permanent resist coating, a mold, lamination, and a
conformal coating.

6. The method of claim 5, wherein the dielectric layer is
a conformal coating and a heat conducting layer is formed
on the conformal coating.

7. The method of claim 1, further comprising planarizing
at least some of the portion of the dielectric layer covering
the conductive layer to form a flat surface of the dielectric
layer prior to forming the first conductive coating.

8. The method of claim 7, wherein planarizing is per-
formed by milling.

9. The method of claim 1, wherein the dielectric layer is
formed to cover at least some of the plurality of conductive
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posts of the conductive layer, the method further comprising
thinning portions of the dielectric layer to remove unwanted
materials and to expose the post ends of the at least some
conductive posts.

10. The method of claim 1, further comprising

removing a portion of the conductive posts to expose a

void within the conductive posts; and

filling the void to provide rigidity to the conductive post.

11. The method of claim 1, further comprising electrically
coupling a first microelectronic element to a second micro-
electronic element through at least one of the conductive
posts.

12. The method of claim 1, wherein forming the first and
second conductive coatings comprises forming first and
second redistribution structures, respectively, at oppositely-
facing surfaces of the dielectric layer, the first and second
redistribution structures having respective patterns of traces
and redistribution dielectric layers, the traces of the first and
second redistribution layers being electrically coupled
through the conductive layer.

13. The method of claim 1, further comprising the steps
of:

forming at least one first joining element on the post ends

of at least a respective one of the conductive posts,
wherein the at one first joining element and the respec-
tive at least one of the conductive posts are electrically
connected;

attaching a first surface of at least a first microelectronic

element to the at least one first joining element, the first
microelectronic element being electrically connected to
the at least one first joining element; and

attaching a second surface of the at least first microelec-

tronic element to a support element.

14. The method of claim 13, further comprising removing
the replicate from the mold, wherein the second surface of
the at least first microelectronic element remains attached to
the support element after removing the replicate from the
mold.

15. The method of claim 1 further comprising, prior to
forming the conductive layer,

forming a seed coating onto a substrate;

forming a mold dielectric layer onto the seed coating, the

mold dielectric layer including a plurality of holes
therethrough;

forming the plurality of extensions within respective ones

of the plurality of holes of the mold dielectric layer;
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removing the mold dielectric layer from the seed coating
to form a mold, the mold including the extensions; and
forming the replicate on the extensions of the mold.

16. A method for making an interposer comprising the
steps of:

forming a conductive layer contacting a replicate such

that a shape of a surface of the conductive layer
conforms to a shape of the contacted portion of the
replicate, the conductive layer having a base and a
plurality of conductive posts projecting away from the
base, each conductive post having a post end opposite
the base;

forming a dielectric layer covering the base and separat-

ing adjacent ones of the posts from each other; and
removing a portion of the conductive layer to insulate at

least one post from at least one other post, a remaining

portion of the conductive layer forming at least one via;
forming a seed coating onto a substrate;

forming a mold dielectric layer onto the seed coating, the

mold dielectric layer including a plurality of holes
therethrough;
forming a plurality of extensions within respective ones of
the plurality of holes of the mold dielectric layer;

removing the mold dielectric layer from the seed coating
to form a mold, the mold including the extensions; and

forming the replicate on the extensions of the mold;
wherein the extensions are conductive, the conductive
extensions being at least electrically connected to the
seed coating during formation of the conductive exten-
sions.

17. The method of claim 16, further comprising the step
of electropolishing the extensions to form a tapered side
surface thereon.

18. The method of claim 16, wherein after performing the
step of electropolishing, the side surfaces of the extensions
have a taper less than 5 degrees from vertical within planes
extending radially from longitudinal axes through each of
the respective extensions.

19. The method of claim 16, wherein the replicate con-
forms to the mold such that the replicate has replicate
extensions extending from a replicate base thereof.

20. The method of claim 16, further comprising the step
of removing the replicate from the mold.
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